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NORMAL TEMPERATURES (DAILY): 

ARE IRREGULARITIES IN THE ANNUAL MARCH OF TEMPERATURE PERSISTENT? 

By (.:HARLES F. MARVIN, Chief of Weather Bureau. 
[Dated: Washington, Sept. 10,1919.1 

SyNopsIs.-The dsta exmninetl hi this shidy consiskd of daily values 
of mean temperature from several old records for stations in the north- 
eastern ortions of the ZTnited Sta.ks. cowring pericds from 1775 to 
1565. $hew were supp1ement.t-d by 45-ye:v records from widely scat- 
tered Weather Bureau stations covering the perind 1571 to 1916. The 
observations were reduced to 59 n-eekly mean values, which were sub- 
jected to the harmonic analysis, resulting in the following conclusions: 

1. The annual niarch of daily mean temperatures is a smooth curve 
devoid of secondary maxima and minima nr of perceptible pointa of 
inflection. 

2. Marked irregularities, ~ i i r l i  as connoted by t,erms like the Jan- 
uary Thaw, the May Freeze, etc., do not persist nor have a rcal e+& 
ence. When snch irregu1z.rit.ic.s still renisin in the means of a lrmg 
record they are siniply residual imprint.s of a sinple or a few fortuitously 
recurrent extreme or unnsua! events a t  or near tht. tinit- in qiic4on. 

3. (n) The Fourier series is a siniple but on erful nnd quit,e adequate 
mathematical equatiim for t.he malysis of %e annnal nia.rrh of t.enipera- 
ture and the determination of tlsily and other apprnximnte normals! 
even from relat,ively short records. ( b !  From thp exnmination thus 
far made of Unit,ed States data it a pears the series i m s t  stop a t  t.he 
second term, which seems verv enla{ or inronwrlurwt.il for the north- 
eastern wctinn. (c j  It is f& rerngnizec~ t , h t  the ultimate nnrmal 
curve of annual t.enipemture niay not he quite rrprewntcd by thcn 
harmonic equation of the second order. It. is be!ieved, howvrr ,  
that any systematic ilepart.ures which nisy ul t.imat.ely he disclowcl by 
very long records nil1 not. he of a pcriixiii: i k ~ r w t . ~ r .  ilccorcliugly, 
an equation of the following form swms likely to suffice for the most 
refined studies: 

T,=A,+a, cos (e,-+,\+a2 cos rO,-&’)+f(r) 

As far ~ n 3  known a t  present, €(r)=O. The longest. records now avails- 
able here are insuflicicmt to evduate it. 

4. Monthly means are qi1it.e iii2dequat.e for t,he analpiis n i  tho 
annual march of teniper;3ture IJC!L‘~~.~IRC ninuy important charact.c.ristivs 
are lost in ninnthly summations. A h t  owr,  unccrt,sin corr~ct ims are 
required to equalize monthly intrrvals and allow for t.hr “curvature” 
in the temperaturc. changes aithin the month. The week as a siih- 
unit is a happy medium beti--t:cn the month and the pentml and is 
decidedly superior to bot,li. 

Meteorological literature contains n lnr e number of 
discussions of the daily and sensonnl n?ari.% of tenipera- 
ture through the annual cycle. Fmiliar terms. R U C ‘ ~  
as the May Freeze. or Ire Snints. the January Thaw, 
Indian Summer, and the like. testify to the wide preva- 
lence of the conric.tion in many minds thnt peculinr 
irregularities in the annual march of teniperature per- 
sist or recur lt-ith greater or less certnint- n t  pnrticdnr 
times and seaqons. 

This paper is followed by a very interesting abL strat t 
of much of the literature on this question, p p n r y l  by 
the Weather Bureau librnrian, Prof. C. F. 

From time to time in the ast the Wetither Bureau, 

and independent observatories. has publisEed so-c nlled 
normal values of temperature nnd other data deduced 
from a careful discussion of the observations andable 
at the time. As the length of the record has inc.remd 
with the lapse of years the values of the “normals” have 
been “revised,” n procedure or nei.essity v,-hic.h. in itself, 
discredits or niakes incon,auous the log id  signifiranre’ 
of the term “normal.” 

The purpose of the present paper is to examine this 
whole question comprehensively. This is the more 
necessary because a.n esamination of Prof. Talmnn’s 

alman 

&s has been the case with ot P ier meteorolouical services 

’ 

18ee Monthly Weat.her Rrview, 1918. 46: 515. 

compendium olearlv indicates that nfimations as to 
the reality of the Ice Saints and like peculiarities are 
based on a study of but a fragment of the data corn; 
prising the annual march of temperature. 

PHYSIC.4L CONSIDERATIONS. 

Throughout the entire present considerations all the 
phenomena, of the d+urmnl march of temperature are 
wholly disreuartlecl. “he data and con~lusions apply 
to  only a dairv mean temperature or other reprcsentativc 
value, as ti  masinium or minimum temperature, or n 
value at some partiwlar hour of a single day. 

The temperature at any station on the earth’s surface 
is dominated primarily by the effective lorn1 intensity 
of solar rttcliation. Confining attention to the major 
vu’iations in efievtire solar radiation, whirh depend on 
the rerolution of the earth around the sun and the 
inclination of it4 nsis to the ecliptic, we see that this 
tloniinating control of daily average temperatures is 
purely n periodic seque1ir.e with all the chararteristica 
of a harmonic function. We must, therefore, espect 
thnt the normal annual march of temperature can be 
represented more or less closely by a hsrmonic func- 
tion-a Fourier series. 

Modifying variations of the avemge daily tempera- 
ture are c.lear1-y caused by progessive or seasonal vmin- 
tions in the phenomena of the general circulation of the 
nir and other minor rontrols on locd temperaturc!. 
I-iowgver, perhaps all of these minor controls are them- 
selves a funrtion of the dominating control by eliectivo 
solar radiation, and therefore become peyiodic. and 
hnrmonic. 

In  the long run, therefore, we should espect the nor- 
mal aniiunl march of temperlitum to be a smooth, re-ular 
curve, devoid of aecondq  niasinin and minima t’aiies. 

If, however, clninis we set up that seconda.ry masim 
a.nd niinimn esist and persist indefinitely at partic ulw 
plnres on the annual curve, then a physical cause and 
esplanation of such irregularities is needed. It is 
recwgnized that some esplanations, based on systematic 
shiftin of winds. have been ofiered in a single or a few 
cases, %ut this still !eaves unesplained their physi:.al 
cause, as likewise that of a number of other equally 
conspivuous irregulttrities whivh appear in the march of 
temperature when the relatively short rerords now avail- 
able are esaniined in the customary way. 

THE DATA IN GENERAL. 

It, is well h o w n  that the sim le average values of t.he 

of observations, show many irreaiilar sequences of sec- 
ondary rnasinia and minima. l f i th  short record.. these 
irregularities are striking ; with longer records tlhe alterna- 
tions are leqs devdoped and seem to tend to disappear as 
t,he number of observat,ioilr increases , which tendency 
confirms e s  ectatiom reached from ph-pica1 considera- 

daily temperatures, even for a P ong, homogeneous series 

tions that 11 P timatdy the average of csnturies of observa- 
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tions of daily temperatures forms a smooth annual curve 
devoid of secondar masima and minima. 

esceed a length of 150 years. In  the 'CTnited States, few 
records, even suppleniented by those of t,he Weat>her 
Bureau, attain t'o a lengt,h of a hundred yeais. Many 
good records of 45 or more jwm are now available for 
Weather Bureau stations. A preliminary und tenbative 
esamination has been ninde of the frequency distribution 
aud standard deviation of some of these records of teni- 
perature for winter month  for the st.at,ions at. Washing- 
t'on and Balt.imore. Tlie results indi~at~e t,hhnt, the mean 
temperature for any one day is just, as likely tis not to 
differ from the normal by more than 6 . O 1  as lesa. The 
same data indicate that the probable error of the mean 
of 40 years' daily observations is niore than f 1 . O O ;  also 
the probable error of a weekly niean is about fO."S, and 
of n weekly mean of 15 years is ahoiit, &O."7. These 
nunierical data deduc.ed from the observations st8reiiglit8en 
confidence in the espec.tations reachecl from physical coli- 
siderations and t,he c.imory osnminntion o€ t-lie d:it,a and 
t,end to show t,liat the ii-regularit,ies found in the daily 
means of present short records are largely, if not who11 

will be ahsent from t,he menm of veyy long records. 
Siri oofhhg :!I e~7f,oi7s.--Wit,hout. escept,ion prohahlg every 

one concedes that soiiie met.liocl of elii.iiinatiiig tliq ii-regu- 
larities of such dat,a as t.he direct average v:~l!ies in short, 
records of daily temperatures is neceasmy !n securing 
therefroni a proxiinate normal ~nlues. The popular 

freehand curves, as also the use of such smoothing forniu- 
lae as $ (a+2b + c )  and ot,hem of a higher order, must be 
regarded as very unsat9isfactory in comparison wit'li tqhe 
use of a mathematical equation eiiihracing the whole 
cycle whenever Qie latter is available. Since for the pur- 
poses of t8he present problem the physical consideratioils 
Inentioned, M also t-he espesieuce of otliei'i;, clearly ~nd!- 
cated t.liat the nornitil anuual 1-riarc.h of temperritmure 1s 
well represented by a harmonic equation of low order, 
this was ado ted as the simplest and most- dependable 
means availa R le for the analysis aiid coniparison of nitany 
t,emperature records to determine the rea11 ty of t-he iimgu- 
larities claimed to exist by sonic. Espectations have 
been very fully verified and confirmed bv t.he esperience 
gained in the esecution of the work itself aiid firiiilv es- 
tablish the conviction .that the harmonic equation of t-lie 
first or second order is decidedly the best approsirnation 
available of the annuti1 marc6 of temperature. I-Iow 
thiv may he improved is indicated by the form of equa- 
tion suggested in the syno sis. 

the superiority of the maflieniatical curve over one drawn 
by hand, or over a result secured by some smoothing 
€orniula, it ilzay be pointed out that the hand has no 
choice but, to ide it's way crudcZy among closoly adjacent 
points locate by more or less discordant d a h  and with- 
out ower of discernment of the control and influence 

Tlie same thing is true to a much greater de 'ee in simple 
smoothing formulae conimonly employed. %deed, Ryd 
has point,ed out that, an asbitrltry snioothing formula lie- 
conies sufficient and adequnt,e only when its terms eni- 
brace d l  the observations, in which case it is tllien oquival- 
ent to, but not necessarily identical with, some clesignut,ed 
niatllienia tical line. 

Few full and aut K entic records an-ywhere in the world 

cr.ceidcn.fal, and t,herefore not eisisbent, and are chie fi! y 
causer1 bv paucity of drit.a. P f this is tme t,he feature4 

methods of p P otting the observations nncl drtlwing smoot.h 

To inspire, if need he, a P uller nieasure of confidence in 

whic R the data fising more distant points should esercise. 

~~~~ ~ 

2 Ryd. V. H. On the computrtion of meteorological observatiolls. 

The daily mean of even 40 years of observations is, 
after all, backed by only the paltry number of 40 obser- 
vations, since each daily value can have onl unit weight. 

values for 40 years, however, is backed by nearly 15,000 
observations, and each daily value calculated by the equa- 
tion is, in reality, supported by thousands of adjacent 
observations, a result unathinable in any other way 
without centuries of observations. 

In  the present case both theory and experience show 
t.hat the Fourier series conwrges with estreme rapidity. 
For a large section of tlie northeastern part of the United 
states a single or fu~u~aliicntd harmonic term is found 
entirely adequate to represent the observations for more 
than 100 years, while elsewhere liarnionics of higher 
order than the second are cuite unnecessary; indeed, 
from certain points of view t \ ieir intaroduction tends to 
mar a ood result rather than improve a poor one. 

mctliods that thc least square calculation of the coeffi- 
cient.s of the Fouricr series is niuch more easily accom- 
plished than for any other form of equation with a like 
or even less numbw of unknown coefficients to evaluate. 
Much of the prevalent avrmion to the use of strictly 
mathcmatictd nie tlmls of combining observations would , 

he largely tlissipatd if investigat.ors once fully learned how 
rrnlly sininle and nicclianical many of the processes are or 
may be nia:le to hr. I n  this problem mechanical devices 
for rffecting t.hc hnrmonic analysis (and synthesis, aa both 
are involved ) map of course be used, but 1 t seems probable 
t.he arit,limi~tical method is simpler and better since it 
handlcs tlie numerical d a h  directly and obviates all 
curve drawing and readily yields final results in the 
numwicnl form actually required. 

The annual mathematical curve computed P rom the daily 

Fiiia 7 ly, it may he stated in hcdialf of the mathematical 

THE D.41'A AND THEIR ARRANQEMENT FOR ANALYSIS. 

No attempt, will he made to give in this paper the 
simple nri thmetical steps necessary in the calculation 
of the fcw harmonic coefficients required, although the 
importancr is rrcognized of setting out these steps 
clearly for tlie benefit of beginners, and it is hoped this 
may he (lone in another connection. It is desired, how- 
ever, to call attention to some. features of this analysis 
which a!>pear to he originnl and sufficiently advantageous 
to merit widcr adoption in other mete.orologic,al studies. 

It is well known that the harmonic analysis of data is 
most readily effected when the observations cover one 
complete cyclr? and fall a t  exactly equal intervals of time 
or point,s of sqmration; also that the number of intervals 
are esautly divisible by 4, and with sonie additional 
advantages if divisible by S. Unfortunately t,he only 
factors of the common year which may be considered 
are 5, 73. 

Dove's 73 intcrvals of 5 days or tlie pentad is fine for 
some piwposes, but useless in the harmonic analysis, 
because 73 is not divisible by -2 or 8. Gen. R. Strachey a 
usrd this period, however, by progressively merging one 
pentad into the 72 remaining ones, thus satisfyin the 

monthly intervals are of iiiiqual length, and, therefore, 
unsatisfactury, although frequently employed. The 
interval, niori\ovcr, is too lon for the best resultu. The 
familiar decnde interval woii P d he of great convenience 
il of rigorously equal leiigtli, but as actually used the 
leiigtlis are iiidiscriniinately unequal by a large propor- 

ari t.hrnet,ical demands, but the merging. rocess IS te f lous, 
and, at, best, the result is a makeshi P t. The common 

- 
3Stra:hey. Lieut. Gen. It. On the computation of certain harmonic components. 

l'rocced~ngs Royal Sor.. Vol. XLII. lW7, p. 61. 
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Date. 

Julv 5 . .  _ _  
Juli. 121.. 
Julk 24.. . 

AUg. 10 ... 
Aoq.  17 ... 
Aug.24 ... 
.tug. 31.. . 
Ropt. i.... 
sept. 1 L . .  
sept.21 ... 
Rept. 2s ... 

-- 

JUUV 27. .  . 
Al6.3. .  . . 

tionate part '  and if made rigorously 10 daw long the 
sub-unit is far from being nn aliquot part, of the year. 

THE WEEK IS THE BEST SUB-UNIT. 

Meteorologists have seemingly been slov to revognize 
the superior advantages of the week RS a convenient sub- 
unit for the discussion of annual meteorological data. Its 
greater length over the pentad is a red advantage a.nd 
its shortness compared with the iiioiith or the decsde is 
also greatly in its favor. Finally, its crowning superior- 
ity for eneral purposes. iiirluding the harmonir. malysis, 

weeks in a year may be merged intn some one mek, and 
thus realize exactly 52 subunits of the ryt-le and sa.tisfy 
prattif-allg and easily all requirements. It ninv be 
noticed t n t  in this ca.se the matheninti~-d week has n 
length of 7& dnys. If the count begins with January 
1,  the fraction of a day nrr-umulntes pmgressix-el:lg and 
becomes onehalf of a dag after 26 u-ecks, which falls about 
June 2, at about which tinie the one estra day of the yea.r 
may be absorbed by inr-hiding eight days instond of 
seven in a sin le week. Hon-ever, for the treatment of 

it  is believed to be still better to 
merge the estrn clay into a w?ek al>out the w ~ i d d ~  of 'J i17y  
bwause the temperaturH ,we tlwn more nearly stntionnrp 
and the arithmetir a1 efle t of inr luding or esd luding an 
estra day in one weel< is ninst in~.oast?rluentinl. After 
a mature vonsiderntion of tho  whole question, I hnw 
ado ted the following stancltwd snrluen'.e of eswtly F2 

gists will find this subdivision of the n.nnunl cycle ~\ .c l l  
suited to many purposes. 

The cycle of weeks ninv, rR wuise, start nt any desired 
date, but it is consiclored 1iigl:l- !.onrenient, if nnt essen- 
tial, that tlie c y  le clivirle i t t  0 hours Jrununr~- 1 : that 
is, Januahg I to 7 niust be iine Tie& of the stantlartl 
series but need not necessaril?- be cou1iteil as the zero 
week, since for difler'ent purpost?s it 1iia.y he desirable to 
start tlie count xi-ith another weeli, as, for example, in 
studying prwi itation n.nd clrainnge, to start the wAi 

duly 16 is chosen as t,he estrn clay nnd is merged into 
week July 9 tlo 16. In  leap 3-ears Fehruary 3%) is simi- 
larly merged in the week February 26 tmo March 4. In full 
quadreiinial tears  Febiwnry 29 mist. of course be given 
only one-fourth the weight when eondined mit,li dnt,a 
for other dates. Without, npprecinble error. t.lie xv.ean 
of seven daily values may be consitlered as t,he irvcrnge 
value for the rnid dnt,e of the week. Accordingly, the 
weeks are designated 1)s t,he t1nt.e of tlie midday as Jan- 
uary 1 t'o 7 designated Januwy 4, July '2: t'o S as July 5, 
et'c. 

Elid con.ection.-Every c.oq)let.e cycle must, of co iiise, 
close upon itself. In  the year, for esnmple, the fifty- 
third weekly value of t.eniper;rture must be identical with 
the first weekly value. As n Yule, the observational data 
will not satisfy this condition an4 a correction iiiay be 
r uired-here called an end c,orrec.t,ion--t.o allow for the 

ence between tnhe first and t.he ' ty-third vdue of the cycle. 
This correction in harmonics is ~nal.hemnt~ically sinrilar 
to t-he correction required in problems of triangulation 
in order to make the sum of the observed angles of a tri- 
angle equal t.o 180'. The whole matter is mentioned a t  
this point siin ly to eniphnsize the advantage in temperit- 

The week of July 5 IS preferred and reconiniended be- 

is foun fi in the ease with which the one cstra day orer 52 

temperature catn, K 

wee R - like sub-units of the year and be1ie.c-e that meteordo- 

falling about t R e 1st of November. 

L fai 7 ure of the data to close pro erly as shown by the differ- 

ture strudies o F starting the count of weeks in ,/)iidsim.)ncr. 

Number. I/ Date. I Number. 11 Date. I Number. 11 Date. I Number. 
I! - I- _- --.-I I 

I--- - 

cause irregular temperature fluctuations are then much 
snialler than in December find January, and the end cor- 
rect,ion will frequently be found so small as t,o be quite 
ne ligible and unnecessary. 
fn accordance with the foregoing, therefore, t.he stand- 

ard schedule of weeks wit8h dat,es and serial nunihers for 
temperature studies is as followa: 

Bttindard schedule of weeks for tnnpemture sl tcdits. 

0 I 1 

3 ? 
4 
5 
R - 
A 

in j 
11 
12 I 

!3 I 

oct.5 ....I 
nct.. l2... 
Oct. 19 ... 
Ort.28 ... 
Nov. 2...1 
Nov. !I. . .' 
No\-. Id.  _' 
N o v . ? ~ . . '  
Nov.SU..: 

nsc. 14..  . 
Dec.21 ... 
nrr.?S ... 

ntw.i 

13 
14 
15 
16 
l i  
18 
19 
20 
31 
23 
24 
24 
2j 

I Jan.4 .... 
' Jnn.11 ... ! Ja11.28 ... 

Jnn.25 ... 
; Frh1 .... 
.: Yeb. S...  . 

Feb.15.. 
Feb. 22 ... 
Mar. l%. .  
Har. R. .  . . 

, Jlw.I .5  ... 
I bfv.32 ... 
! Mar.29 ... 

39 
40 
41 
42 
13 
4 4 
45 
46 
17 
4s 
49 
50 
51 

1 This w e k  aintsinr S d,iys. viz. July 9-16, inclusirc, aii~l the sun1 of the daily dntn 
is&riql4 brStof,Jrnm thsweeklymertn. 

2 TIiis~\c.r.& contains8 dnysiulrnp year. Ddtn for February 29, when cwnljined with 
d:itn for other d.ivs in Iul l  ~limitdrezmiiiil years, sho-uld &er with ii weight o f?  and the 
weekly silm bo q'lhvided by ;+ to lorin the weckly n1c.m. 

While tlie schedule of weeks designated above has 
been tinally adopted as the hest,, the daily observations 
herein employed were originallv tabulated strictly on 
tho calendar dates, which necess'itated n >plication of the 

of January. Moreo.oer, the week of July20. instead of July 
5, was fiist chosen a.s the zeroweek, and the harmonic mal- 
vsis was made entirely on this basis. Wlieii it, was findly 
$ound t h t  Julv 5 is, for sc?rt!ral reasons, the best zero 
diite for gt.iiera1 work it was easy to adjust the eyua.tions 
found to this end by an a ipropriate change in the phase 
constants 4I and 

Sfnt i .01~ c*nii.sidercd.-'l'wo groups of data have becn 
esaniinecl. Schott has publishcd daily niea.ns of tem- 
perature from certain early re,cords rior to t-he origin 

introduced for coniparison with the WeathPcr Burcnu 
records for later dates. 

Weekly means reduced from these appear in Tahle I ,  
Nos. 1 to 7, inclusive. In Table 3 is also introducad 
Equation No. %jn, which represents a long record of 
observations at New Haven, Conn., froiii 1778 to 1865, 
which were most carefully coordinated and discussed by 
Messrs. Looniis and Newton5. The authors reduce the 
New Haven observations to nioiithly means for the 
whole series, which, after correcting for curvature and 
inequality of length of the months, were fitted by the 
following complete harmonic equation: 

Tx=49.11 +23'.93 sin (x+263' 3s') +Oo.29 sin t 2 x +  
345' 24') +0°.45 sin (3 x + 229' 50') +03.02 sin (4s + 150') 
+0°.38 sin(5.r+54' 31')-4.0S cos63, 
in which z is reckoned from January 15 

Since this equation contains 12 constants, i t  fits tlie 
13 monthly observations perfectly. Equation 23a, Table 
3, is two terms of the Looniis equation transfornied to the 
cosine function and with ahscisms reckoned froni July 5. 

Neither daily nor weekly means are available for this 
record, hence no annual diagram of weekly residuals 
is possible. 

~ i i d  correction, for the year beginning wit \ 1 the first week 

whic 1 1 a.re t,he only t.cAriils affccterl. 

of the Weather Bureau. Cert,ain o P these have been 

- 

4 Schott. Tables. distribution and variation of atmospheric tempemtiires in the 

b Loomis Elm:ia and Ne\\-ton. H. A .  Meteolo!ogy of New Hsven. Tmna. Conn. 
United States, p. 187. 

.\cad. Artiand Science, vol. I ,  pt. l,lW:. p. 194. 
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WEATHER BUREAU STATIONS. 

The principal Weather Bureau data analyzed coiii- 
prised observations of iiiaxiniuni and minimum tenipera- 
tures from 1-1 widely distributed stations with con- 
tinuous record since 1872 or shortl? thereafter. 

Daily means of the iiiasinium and niininiuni were 

in a, few cases. c esigiin.ted the first period; 1887 to 1901, 
I5 yews! sacoiid period; niid from 1902 to 1916, 15 yemu, 
third period. F’i~ially, the niennd were formed for the 
whole period of the record, 1872 to 1916, 4.5 y e m .  

formed in four grou for esch station, nnmely, 1572, 
record to 1886, 15 yeais or less or the beginiiiii? 

the table gives the values only to the nearest tenth of a 
d ee. 

T h e  constants of the harmonic equation were coni- 
puted for each group of data. Generally but a sin le 
term was used, es ecially for the old records and t fl e 
15-year groups. T ie  constaiitu for the harmonic of the 
second order were also deteriiiiiied for such of tlie long 
records a s  needed it. A aph was then prepared show- 

observed weekly temperatures and those cdculated 
by the harmonic. e uation. These are reproduced after 

irregularities in the records of the wainual march of 
temperature. Figure 1 prepared for another study, 

ing the weekly residua F s or differences between the 

reduction in Plates 1 to IV,  niicl clearly show the marked 

46 

44 

42 

40 

36 

36 

34 

32 

30 

28 

26 

24 

22 

20 

18 

16 

I4 

~ I2 

~ 10 

FIG. 1. 

Much assisti~iice in the pre )amtion of the data for har- 
iiionic aainlysis wns rendere d by Mr. fiederic A. T o u ~ g ,  
of the Clim~ut.ologicnl :Division. 

Trerrtnient of dntct.-Each g o u  I of d a h  was reduced 
to 52 standn.rh weekly nieaiis, nnc I , when necessary, as in 
the case of inems from niasimum and niininium rea.d- 
ings, tlie vnlurs were ndjus ted to a closer npprosimntion 
to the nieniis of 24 hourly observations by the ap di- 

values published hi Hulletiii S, ITiii ted Stii tes Weather 
Bureau. 

Table I co!itii.iie the fully tdjustecl values of the weekly 
means for all the stations considered, but in the case of 
the Weather Bureau atatioris the means for the whole 
period of the record only appear. In the original work 
aiitl c.ompu tations nll values were c.ai-ried to huiidredths 
of a dewee. This order of accuracy is justified because 
the prohem in hand deals with cliff ereuces ~ i i d  residuals 
of temperatures , which niny he carried to hmidred ths 
of IL degree even tlioogli the ahsolu te value of the tempern- 
ture niq- he in some douht. However, to save spnce, 

catioii of coiw.cbions derived from tables of mont ll ly 

shows the complete picture of the present iiiethod of 
itnalyzing annual temperatures. 

The residuals in some of t,he 15-year groups wmld 
have been materially improved by the int.rocluct.ioii of 
t.11~. second-ordrr term. This, howevcr, was uniforiiily 
oniitted atid included when neetlecl oidy in thc cquatioli 
for t,he whole period. 

I€ow many terms a.re neenr,tl.-~~’~’hetlier ti  second term 
or otlisrs of higher order iiiay he ncwled is not etissilg 
ilebimiiiiiod. It is well known, of course, that every teriii 
adrletl to the Fourier series serves bo make the suiii of 
the squares of the residuds smder. While t.liis niiglit 
he iiiatliemat.ict~- a good index of iieed, iievertltdess it 
is fdnrious, BS such n prooerlure is not supporOerl by 
p1iysic.d consiclerations. The estreine aniplitude of t.he 
sc?contl teriii fount1 necmstiry for amy of thc clatw was at, 
St.. Paul, 2.27q and while c.oinputr?d for Wasldnpton and 
other long Weather Bureau ri!cortls, V ~ , ~ U C ? S  less tliiiii 1 .OO 
have be&n tlisregnrded in cmstriicting the diagrnm, 
hwnuse t.he reit1it.y of such Iitunionita is to b t ?  tlouhtcrl 
froni the following consider a. t ’  .lolls. 
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The diagrams clearly show that, if an additional term 
is systematic.dly called for, the residuds will be disposed 
harmonically with reference to the axis, as, for example, 
in the case of the superposed curves of Plate I11 show- 
ing the second harmonic, '.in place, whereas the curves 
on Plate I\' just as clearly show the absence of any sys- 
tematic disposition of the residuals or the need of addi- 
tional harmonic terms. Doubts on this point arc easily 
runioved if one will only himself coiiipute a supposed co- 
eficient of higher order an:1 critically observe how 
the value thereof in iiiany cayes depends almost entirely 
on one or a very few favorably located residuds of ltlr e 

data is improved u t  one point but large1 at  the espense 

h- the physics 03 the problem, even though the suni of 

magnitude. I n  such cmes the fit of the curve to t f: 18 

of the: fit at many other places, a proce B ure not justified 

t P le squares of the residuals may bo reduced. This 

process of impairing the fit, at, one place in order to 
improve it rrt. a.not,her in a certain stmse tends t.n force 
t-he residuals into a harmonic arrangement. 

The best. guide I have fount1 is to clrnw the sc+coiic-l, 
third, a.iid any higher har1iionic.s clmired on tracing paper 
and to the sanie scale as the cliagra.nls. 'I'lic amplit~udc 
may be aiiytrhing desired. (The scconcl ha,rnionic for 
Denver was conveniently copied for this pur ose.) The 
superpositmion of one of these trac.ings oves t i e  P curvt! of 
residuals shows in a very convincing way how the resid- 
uds at one portion of the year will support nnd at o t h r  
times oppose a ha.rmonic of the period dioseii? or possibly. 
if needed, systeinaticd support it, as in thn case of 
tha second harmonics s h own. In some cases, a half or 
a third of a year may support a higher hnrmoiiic:, but 
the remainder of the year will quite as systema.ticnUlly 
oppose it. 
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The writer is fird.y coiivinced this study denionstrntos throughouts t,he year will give a finite value to almost any 
that the Fourier series, as applied to annual temperature hnrnionic. 
data, converges only to the second term. After that, it is 11n.porta.n.t cnutiori..-The arithmetic of harmonicsisreallv 
not a question of convergence but simply a hit-and-miss ftiscinatiii and alluring, and the earnest student in search 

number of residuals. -4 fcw large residuals anywhere by t.he finite value of harmonics of bhe higher orders. 
fit of a purely arbitrary wave forni to a relatively siiiall of pliysic. 5 truths must not allow himself to be doluded 
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30.2 

31. s 
31.3 
32. R . I . , .  5 

SI. x :?I). I 

2.0. i 2,). :I 
;{2. R x2. r: 
3;. 5 3 I. 5 
Sa. ti a7.11 
m.6 ! 411.4 
41.8 : 41.2 
42. B I . : t i  I 
47.0 4 i . 9  
5n.o . 4s. 2 
511 I 5n.s 
S.R I s5.a 
57.8 ~ 58.5 
M.1 I Gl.  1 
g0.0 ; 62.n 
ai.6 61.2 
ti3.S 16.2 
6.5.9 I 67.2 
68.n 09.5 
6 5 6  I 71.0 
i O . 1  I 72.( 

YO. I 83. ! 

i2.2 , 74.2 

..., I. 

53.4 
5.5 6 
58.6 
60.1 
63.4 
65. e 
67.1 
69. I 
io. t 
i2. I 
73. I 
i6. ( 
77. : 
79. I 
7s. 1 

. . . __ . . 
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._ 

Period. 

_.__ 

......... 

......... 

......... 

......... 

......... 

......... 

......... 

......... 
First .... 
Second.. 
Third ... 
-411.. .... 
First .... 
Swond.. 
Third.. . 
All ...... 
First.. .. 
Second.. 
Thi rd... 
All ...... 

First .... 
Second.. 
Th ird... 
All.. .... 
Flrst .... 
Second.. 
Third... 
A l l  __.___ 
First.. .. 
Second.. 
T h M  ... 
.411.__... 
First .... 
Second.. 
Third... 
All.. .... 
First .... 
Second.. 
Third ... 
-411 ...... 
First .... 
Second.. 
Third ... 
All .___._ 
First.... 
Becond.. 
Thl rd... 
All ...... 
Flrst .... 
Second.. 
Th ird... 
All.. .... 
First .... 
Secpnd.. 
Tlurd... 
All ...... 

......... 

......... 

......... ......... ......... ......... 

TABLE 2.-Shtions and constanis of the equat.ion of the annual ninrrh 
of tempmaticre. 

An'l. 
mean 
temp 

OF. 
49.96 

48.i5 

45.19 

45.74 

48.61 

47.14 

52.40 

53.97 

54.51 
54.76 
54.80 
54.69 
5i.16 
56.84 
56.66 
56.85 
49.4; 
49.50 
50.19 
49.3: 
49.11 

4802 
4S.36 
4 8 8  
48.22 
43.60 
43.62 
44.45 
43.83 
49.45 
50.40 
50.55 
50.23 
49.13 
49.98 
49.67 
49.66 
34.6 

60.37 
60.67 
80.56 
60.54 
70.05 
69.47 
69.36 
89.63 
60.99 
61.58 
61.33 
61.30 
66.85 
88.02 
66.91 
66.69 
64.24 
63.62 
63.67 
63.84 
63.33 
64.79 
46.69 
47.72 

.- 

[T-A,+al cos (@-+I)+& cos (%-&I. 01s reckoned from July 5. 
to Table 1 and diagrams.] 

15 6 ...... 
14 6 12.37 
14 !& 
13 53 

I 

i 

Station. I No. 

4--- _____- -- - 

% i9 ........... ........... 

Port1and.Me ................... ! 1 

S a l y g g g  .................. ' 3 

Providence.R.1 ............... I 3 
101-1860. i 

Willimstnwn, Mas .... ........I 4 

-4Ibmy N . Y  .................. / 5 
lS3i-lrUO. 

Genera,N. Y... ............... / 6 

ui8-im. 

18161852. 

18161,S36. 

1854-1S65. 
Msriutta Ohio ................. I 7 

Wmhington. D. C.. ......... ...I 

Lynchbuix, Va ................. ! 

Pwkersburg, W. \'a. .......... .; 8 

12 
13 ! 14 

1S!38-1917. 

i 17 
I 16 
, 19 

New Haven, Conli. ............. i 2  

Galveston, Tex ................. 

Memphis, Tann.. .............. 

_ _  
j 22 

New HWC+II,COILU.. Loomis ....j =a 

Detroit, Mirh .................. ! a  

' 2 3  

l77S-186s. 

: 2 5  

~~ 

42 
13 
44 
45 
46 
47 
18 
49 
50 

34 
i 3 5  

Denver, Colo. ! :: .................. 

W ~ O U  \vhePl Gap. (2010.. .... .' 39a 
San Dlego, Calif.. .............. 40 1 4 1  

1911-1919. 

51 
Mobile, A l a . .  .................. 62 

55 
Augusta, Os. .................. 56 

Yt Lrmis Mo E max .......... 
S ~ ~ ~ ' M ~ ' W  B.max ...... 
St' Louis'Mo''E.'min.. ........ 
St:LouiiMd.:W.B.min ..__._ 

E.-EngelmaM record. 

81. 

- 
23.53 

23.70 

32.6s 

24.53 

21.51 

23.26 

21.36 

an. 21 
22. i 2  
31.79 
21.62 
22.04 
20.59 
20.44 
2). It3 
20.12 
32.51 
33.39 
a?. 14 
2% 92 

24.42 
M. io  
24. 44 
M. 47 
29.59 
29.87 
2,s 61 
29. 39 
2% 61 
37.69 
27.23 
2;. 76 
22.97 
21.49 

21.53 
20 94 

7.25 
6.56 
6.35 
6. I)I) 
15.55 
14.69 
14. iR 
15.07 
21.03 
19.79 
19.87 !am 
16.54 
15.22 
15.37 
15.72 
17.55 
17.6.S 
17.65 
17. W 
25.69 
24.73 
23.04 a. 75 

33.03 

m. 82 

Numberscorrespond 

.. _. ..... - 1 ;  
*I. a2. I &. 

I 

0 ,  0 ,  

19 21 ...... ..... 
16 14 

..... 
I 15 9 ...... . . . . .  

13 55 ...... ..... 
18 49 I ...... ! ..... 
11 1: j ...... .. 
14 I 

' i  16 25 I ...... I . . . . .  
15 14 ............. 
15 20 0.32 1.19 .U 
13 S 1 ............ 
13 36 I ...... ! . . . . .  

14 28 !......I ... ;: 

12 31 !......I ..... 
m 3s 
I9 14 
19 1s 
19 13 10.07 IS+ IS 
17 43 I 0.29 I 12; 17 

19 2 !  ...... I . . ... I 

li M I::::::j . . ... 
IS 25. I . . . . .  
18 26 ' 0.39 9 5  I2 

13 29 I ...... ! ..... 13 81  ...... I _ _ _  .. 

The terms of the Fourier. series are alwa s positive 
and additive. The coefficients (or amplituie4) of all 
harmonics will be finite a8 long as aay wsidzcab u#u&uc.+ 
remain. Critical scrutiny of the numerical summations 
of data which enter into the harmonic constants and 
tests by the superposition of tracing paper curvm are the 
surest guides. 

While this paper clearly shows how well the harmonic 
equation of the second order represents the anwnl 
march of temperature, it must be recognized the demoii- 
stration stops right there. It is just as easy to show 
that the Fourier series is quite unJt to represent the 
diu.mZ march of temperature, although frequently user1 
for this purpose. 

Table 2 contains the comtants of the harmonic 
equations, and the diagrams in Plate:: I, 11, III, and IV, 
bearing corres onding numbers eshibit. the weekly reaid- 
uals (obserrer P minus calculated) derived therefrom. 

DISCUSSION OF EQlTATIOWS l N D  RESIl>UALh. 

9 crit,ical examination and comparison of the numeri- 
col vduw in Table I1 can not. fail t.o impre39 any one 
wi tli t.he great coiistnnc-y of the values : 

A,, which iu t,he annual mean temperiitjure. 
ti,. whic.h is verj- nearly half the annnd range of tem- 

pera t.ure. and 
&! which fixes Ten- largely the time of the summer 

niasinium (as also the wint,er minimum 1. Tlie values 
of 4 and 4, show much gFenter variations, hut the sig- 
1iificunc.e of these also is import nut in pa.rticxlar casejed. 
M7e slioiilil nat,urtxlly expect, to fiiirl but lit.tle rariation 
in the rdue of tho I ~ I ~ W I I ~ ~  ) s e w .  t,enpsraiure when derived 
from 15 or 45 years of records, hut i:-hrli 1)-e compare 
t,lie Weathrr Buresu records for Ne!;- Haven. for esaniplc, 
wit.h bhe Loomis record Eo. 53n :;.e niay v:ell he grntihetl 
and surprisetl to  f h i l  no grent,er tlifferciices. These 
sereral rewlt.9 are dill erro~ieou~ nrirl shoul~! be expected 
to differ t,o soiiie gst>ent, siniplj- hecltwe of iiistiviiiental 
errors ant1 the t1ifTerin.g influence2 of exposure and the 
means emploj-erl in each case ti) tleduce a true nieau 
daily tcnipertiture from ohsei~atioii.; of a masirnuni and 
minimum, or n fe;i- readings R 11ay iritli o c ~ ~ s i o d  
hreaka wliidi mar thc cmtmuit,-,- id old rec.orclu espe- 
cially. 

How basic climatic characteristics, such ns the rela- 
tively constant aiinual range, stand out in spits of all 
these and other acciilental clist,urbiiig efl'ects is shown 
by the siiiall differences in the \dues of a,, whether 
tleducetl from one of the 15-year group or from a record 
at a near-by st.ation, made n huntlretl years earlier, as, 
for example, Salem, Mass.? 1786 t,o 1S3$ a, = 23.70, 
ani1 New H a ~ c n ,  18'73-1916, a, = 22.02, or Marietta, 
Ohio, lSlS-lS59 a, = 31.36, and the Weather Bureau 
record at. l':wkersburg, near by, lSSY to 1917, :I, = 22.31. 
The Looinis equation for the New Iiai-cii record, 1778 to 
1865, Equstion 83a, Table 3, atid the lnter Weather 
Bureau record for the same statiolt. No. 33, tire striking 
cases of close agreement.. The same order oI constancy 
is found in t,he approsiniate dates of higlie.Gt. m d  lowest 
t.empcratures as indicated by the values of 4,. These 
dates are of course sli&tly modified by the values of the 
second harmonic, ana ust what the actual dates are 
doe3 not concerii us niuc r, in this study, hut, FIT may make 
t-he ohserrti.tion in passing that the data in Schott's 
early recorlls seem to indicate a slightly earlier date of 
masimum and minimum than now prevails. A more 
critical examination or siialysis of the data for the whole 
century is necessary, hod-ever, to eat.ahlish the real facts. 

Just one additional point will be mentioned resulting 
from trhe somewhat different treatment 6mi the St. 
Louis recorcl. A very exc.ellent. record or tlai1.v values 
of maximum and nilliimuin observations from IS36 to 
lSSS was discussed and iuhlished by Eaglemanu.'' These, 
supplemented b 

monically analyzed, keeping the masimum aiicl niininium 
-dues in se1iarat.e groups. The important feature which 
seems to stand out is that the second harinonic is much 
smaller in the march of minimum than in tsliat of the 
masimum, which is greater than for the memi tempera- 
tures. More data must be studied, however, to get at  the 

part ll y overlapping and subsequent 
records at  the d eather Bureau station, hare been har- 

-- 
6 Trans. St. Louis bead. Sei. IV, p. 19t4.38. 1876-1886. 
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real physical facts back of this indication. The feature 
seems to be a measure of the lag exhibited by the tom- 
perature of a lace in rmpoiidhig to tlie seasonal changes 

Hsving at,bained it.s suninier nitisimum, the t,piiillt!r:i- 
t,ure falls otf more slowly all through t-lie n u t m i  thn!i tlie 
decline in effective insoln t.ion, follomecl by rapid coolijlp 
in November, wliic,h slows up in December, 1JeCoIIiCS i i i l  
in ,January, and :I reverse lag occiirs duri:ig the w m w  
ing u process Eroni February to July. These consiilern- 

by sucli students as Clayton’ with reference to t,he iiiinie- 
diate influence he nscrihes to small irregular cliniiges in the 
intensity of solar racliat,ion in effecting notice:ible cliiingos 
in terrestrinl weather. A critical s t d y  of the liig effect.; 
mentioned nhove shoiild help to evalun t.e the enrt.h’s sew 
sitivity to such influence. 

Dk&$?Y7:nN.---NO verbal discussion C:IJI replnce ti  tlu>r- 
oii-li aiid c.rit.icn1 esnniiiiation of t.he clingixms which the 
dutious milder must ni:ilce for liimsclf if lie is sl<ept.ic.;:l of 
the co!id~1sioJ~s st,:I t d  In. t,er. 
iiiiportnnt considen:.tio;ls will be broiiaht out,. 

The following feiiturcs of thc i l iqpnis  XI’(: w i i q k ~ ! -  

(a, IVithOut resi)& bo le3:gth of rec.ord Or h:dit,y of 
the statmion, ench nnnunl cliagrniii show :I qi !e i :w of 
a consider nbl e nunib er of irregr 11 nr 1’s en do-1’ erio 1.1 i c :i 1 t. PY- 
nations of crests niid hollows, which nirj- SI ch;ir:it.tw 
from mere inflections to fully dereloi,arl wzives. 

( b )  In niost, mses t,lw W:I.\-PS :ire bet.tei. tlcrelii!tcvl. or of 
larger amplitude and loi!ger period in the colrlcr ~i i i~ i t . l i s  
(November to March, iiiclusivt! I than ii i the wmiier 

st:i tetl 
definitely because so much depends i i p i  t$e inclusion or 
exclusion of the poorly defined niiiior wa.ves. Ilowever. 
count,ing up all the diagrams and iiicludiiig each circst. :ind 
hollow which mtty rensonnbly cla im recogni t ioii, I find a. 
quite consistent nvernge of about 30 crests nnd liollows 
per year, or about 15 full wtj.ves. I :ilso estin1:tt.e t1i:i.t 
between 5 rind 10 per cent, of the number w e  doiil.itfu1. 
This leaves between 13 and 14 insjor waves per yen.1, or 
an nvern e hiterva.1, crest to crest, of about t,liree and one- 
half to H our weeks. Practicn.lly the same nveiwge re- 
sult is reached by ti  count of the number of cliiinws f 
in the signs of t.he residuals, but, of course, till c t )  iiot 
fnll between the crests and hollows tis counted. 

((%) By comparing diagrams for the 15-year ~)eriods 
with the one for the whole eriod we find in every cme 
tlie conspic.uous crests tend‘ to climinisli tind tlisnp )ezir. 
All residuals seem to tend to ap roach closer nnd c‘ \ oser 
to the axis of the diagram R.S t. \ e length of the record 
iricren ses. 

(e) While we necessarily assume that the weather or 
temperature of to-day 01: of this week is quite independ- 
ent of tlie wenther or ten1 erature of the same day or 
week H. year ago, or any ot 1 er yenr, yet we niiist recog- 
nize that there is a close correlation bet.ween the t,eniper- 
ature of yesterday, to-day, a.nd to-morrow, and a less 
dose relation between the temperatures of contiguous 
weeks. Extremes of temperature necessarily occur in 
spells, often of several days or even weeks duration. 
Such events impress themselves not only upon human 
attention and memqry, but it is hteresth to notice 

pressed on the averages of the numerical data. A con- 
spicuous crest and hollow, such as a. b in the Washington 

in effective so F ar radiation. 

tions R ave a very import.ant bellring upon the chinis m:iile 

ikccJrili~:glj-, O ~ J -  :I feii. 

011s : 

RlOllthS. 
Tc) The annual nunil)er of wives c i ~ i  not, 

t.hat in a mathematical sense ti very like e B ect is im- 

1 H H Cla ton Effect of shmtperiod variation of solar radiation on the earth’s 
a t m ~ p h k ,  d h i s o n i a n  Mh. Calls.. TOL 68, no. 3,1917,18 pp. 

record No. 14. signifies a niiir1;ecl nlteinatioii of unusunl 
wifn i  wee.ther, cii1inin:i tiilg in a crest for the week of 
JaiiurLry 25, followed by nn ecjuf:lly p~oiio:!~~ced o n d  uniis- 
w l l  colt1 wttve, cL:lniiiiat.i.ng 111 thc we& of Felwuarv S. 
‘rile im;iri;it. si.!rh eveiits ni.ike on t,he memory is Imt- 
i!ig :lnd it e ~ i n  1)e efl‘ncecl fr tx i i  t,\ie i~i!mericnl nvernge 
oiily in two wz~ys, 1jot.h of wlilcli t.wd t.o requiro :L vc?i-y 
loiig; time: 

( 1 )  Ob~ioudy the subsequcnb occurcnce a t  or about. 
the same cla.te of another est.renie but, in the opposite 
sense more OT less completely effaces from the numeri- 
1x1 average the iiiiprint of the first, event. A chiice of 
this kind, as w e  kiio~’,  will oc~cur only rarely. Morr- 
over, it  is iicarly an eclunl chance thiit t.wo continuous 
extremes will l e  of the same as of opposite kind nnd 
thus teiid to perpet,uate rutlier than efface each other. 

13) The other n-n.y in which t.he imprint left by onc 
estreme. condition is effwecl from the average is simply 
the prcdonged nbseiice subserluent.!g of itiiy ot,lier like 
cst.reines. The recurrence yew itfter year of average 
(.wnditi~i~is little I I J *  little eRa.cw t,hc imprint one or more 

note sonic of tahe 1.3 or I4 \mve fentiires which c.hnracter- 
ize even the longest records, then all tlie features claim 
equal reco-nit.ion nncl cclually need esplrtnation. The 
feutures oF weat~ier naniec~ above have cloubtleus im- 
pressed themselves upon liumaii attention because of 
their influence on agriculture or other critical human 
int.erests; the 9 or 10 other similar features of t8he annual 
cycle have passed unnoticed. 

Cg) The claini may be inude that the Ice SaintS, for 
example, are r ed  enough, but the feature is eliminated be- 
Cause it, does not fall a t  closely the saiiie date each year. 
The nicre incident of 1iap.pming orer n ra.nge of dates, 
therefore, causes it to va.1iish from the final mean. Such 
Q claim is quite refuted by the diitgranis, however, be- 
cause if true the features would be consistently conspicu- 
ous in the short or 15-year records, and less conspicuous 
in the full period. Take New Haven, Conn., for es- 
ample. The first period, No. 30, Phte  11, shows no 
conspicuous warm spell late in Jttnuary nor a cold spell 
early in May. The second eriod, No. 31, shows the 
the week of January 25 one ctgree above the mis, while 
the first half of May is cons icuously warm. The third 
period, No. 32, eshibits n we r 1 defined January thaw, rul- 
minating on the 25th, with May warm throughout, 
h o s t .  These cons i r iw nnd opposing eflects im rcss 

semblance of a January thaw. 
The Detroit records,Nos. 34, 35, ctncl36, tell racticd7 

and New Haven records are remarkably alike. We 
should really espect to, and we do find, likeness in tlie 
records of different stations for the same periods. We 
also find great unlikeness in records of the same or 
near-by stations for different times. 

Ckitical esamination of the records such as outlined 
in the foregoing leads to but one conclusion. Thirteen or 
fourteen major alterations of relatively warm and cool 
weekly teniperaturee infallibly recur irregular1 year 
after year. These must necessarily conspire a n i  inter- 
fere indiscriminatel , and great major phenomena, trace- 

events whch have fortuitously recurred and combined , 
impress themselves upon the average of the whole record. 

upon the rec,ord for tK’e wxole period, No. 23, Plate, P V, a 

an identical story. Indeed, period for period, t !l e Detroit 

able in the origina { record to a single or a few unusual 
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Note in the New Haven and Detroit records how the 
striking crests a 6 in the third period still persist in the 
45- ear means. 
I% is proper to consider at this point what would have 

been the outcome of this investi ation if it had been feas- 
ible to use, say, 73 or 24, insteac P of 53 week like subunits 
of the cycle. It seenis easy to imagine that the number 
mid distribution of the conspicious features woulcl be 
quite different. In  other words, the detailed features 
would depend upon tlie method of analysis and not have 
a real existence. 

Each striking feature on a long record is, therefore, no 
evidence of the persistent recurrence of peculiar irregu- 
larities, but is simply the residual scar or imprint of some 
unusual event, or a few which have been fortuitously 
combined at about the time in question. Time will 
inevitably efface these, but a very long timo is necessary 
to reduce the curve to even the semblance of snioothness 
md  simplicity. Little is gained by combining the results 

from many stations unless wide1 separated or for 

impressed by the same niajor irregularities. If widely 
separated, the averages may be smoother, but individual 
characteristics peculiar to a localitmy are very likely to be 
lost. The composite records Nos. 9, 10, and 11, are es- 
am les of this treatment. 

3K)eferrin to tlie final conclusions stated in the synop- 

uiicertaint,ies and conflicting opinions concerning the 
a.nnya1 cycle of temperature and we are now in a position 
to produce daily, weekly, or other normal values of any 
kind desired. These are niuch needed for the urpose of 
carrying out interestin and important stu f. ies which 

standard deviations of temperature data, including 
more serious inrestigations of the c m ~ e  a.nd effect rela- 
tions be t,ween t,errest.rinl temperatures and cosmic. and 
other influences. 

different periods, because all are li K -ely to be similarly 

sis, i t  is bo 5 ievecl the foregoing studies clear away grave 

are in con templation o P the frequency distribution and 

LITERATURE CONCERNING SUPPOSED RECURRENT IRREGULARITIES I N  T H E  ANNUAL MARCH OF TEMPERATURE. 

By C. FITZHIJGH TALYAN. 
[Dat?d: Weather Burerii Library, Washington. ?&y, 1919.1 

The belief that periods of unseasonable heat aiicl cold 
tend to recur at  or about the same time from year to year 
has prevailed over a great part of the world for many 
centuries and has been tlie subject of extensive scientific 
investigation. Among the nlost widely rec.ognized 
periods of this character are the following: 

1. A .m.iW period in J W M Z ~ J ,  th ‘(January thaw.”- 
This period is popularly looked for in America, especially 
in New England, but apparently not in Europe.’ 

2. A cold ’wrii.od <ne Apd.-This is the “blackthorn 

set in when the blackthorn is in blossom? In this con- 
nection it may be noted that in various parts of the 
United States so-called “winters” are popularly as- 
sociated with the flowering of the redbud, dogwood, 
snowball, and other plants. R. Abercromby,3 who 
found evideiice of a recnrreii t cold period in Scotland, April 
11-14, shows that, taking account of the change from the 
Julian to the Gregorian calendar, this period coincides 
with the (‘borrowing days,” the last three days of March, 
reputed in British foldore to have been borrowed by 
March from April, and notorious for cold and stormy 
weather. 

3. A coM pwiod in. Jlcn.y.-In European weather lore 
this is tlie most celebrated of tlie erioiis under discus- 

destructive frosts were likely to occur nt n certain period 
in the month of May, and with the elaboration of the 
ecclesiastical calendar these frosts became definitely 
associated with the days dedicated to Stiints Mamert,us, 
Pancras, and Servatius (May 11, 13, 13), or, in south- 
central Europe, Saints Pancras, Servatius, and Boniface 
(May 12, 13, 141, hence hiown as the “ice saints.” 
These saints and their day? are called in French saints 
de glace; in German, Eishe&gen#, Eismanner, or gestreuge 

winter” of I!! ngland, so cnlleil because it is supposed to 

sion. Over a considerable art o P continental Eurupe 
it has been popularly be1ieT.e B since the Middle Ages that 

140822-1W 

Hwren. In Bohemia, Pancras, Servatius, and Boniface 
a.re known collectively as Pan Serboni. 

r ment,ion shoulcl be made of the fact that in 
France passi’lk t, ie full moon which occurs late in April or early 
in Ma,. has a bad reputation as n bringer of frosts. 
It is known as the Zun.e 3’omsse ((‘russet nioon”), in 
allusion to the hrown a pearance of frosted vegetation. 
Both the ice saint3 and? the lune ,ro’usse evidently owe 
their notoriety to the fact that t,he beginnin or early 
part of May IS a critical period in the growtf of vege- 
tation, and frosts occurring a t  this time attract more 
attention than those which occur a t  other sea~ons.~ 

4. A cold pet.i.od in Jwm-Tliis depression in teniper- 
ature is generally much more pronounced in European 
meteorological records than the cold period in May, but 
has not attracted public notice to the same extent 
because it is oenerally harmless to Vegetation. It is rec- 
ognized in eiirmaii weather lore as the Schajkiilte 
(i‘shee -cold”); i. e., a chilly period dangerous to newly 

eriod of heat after midsumnier) 

as to their duration and time of occurrence, but in general 
they may be regarded as coinciding with the crest of the 
annual temperature curve, rather than with any irregu- 
larity therein.” 

6. Sqimw u ~ i r ~ t e r . - I n  the northern ‘CJnited States and 
Canada a period of wintry weather is reputed to precede 
Indian summer, and is known as “squaw winter.”’ 

7. A mild E P ~ O ~  in. autu:tnn.. especially in October and 
November; P ndim sumnier of North America; St. Mar- 
tin’s summer, after-summer, old wives’ suninier, etc., of 
Europe. Typical Indian summer weather is calm, dry, 
and hazy or smoky, as well as warm for the season. The 
corresponding period in the Old World is associated in 

shorn s \ eel)! 
doubtfully belong in t P -tis list. Various notions prevail 

5. The dog days (a 

- - .- -. ._ .. 

4 Moonlight rt,tl;is pr.rlcd is correeUy assoriated in the opular mind with, frost 
tmause 3 mooulit night is also a clcar night. and hence Iavonfle Cor nocturnal radmtlon: 
fSee A. Anrot “TraitPde mftCorolwic.”3d crl.,p.398.) Thercrsanahundanceofother 
Utersturc: cn the subiect 01 the lane T O ~ d d t .  

6 K. hlmstedt. ‘*Die Kilterilckfiille in Mal und Juni ” 1913, p. 5. 
e As to the dates of the dog days, see the Oxfurd *‘N& English Dictionary,” s. v. dop 

days. 
7 The same name is occasionally a lied t o  3 spell of unseasonably cold or snowy 

weather in spring, vide Jour. .kner. &hore ,  20, Mi, p. 235. 


